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We, Hercules Powder Company, a cor- 
poration organized under the laws of the State 
of Delaware, one of the United States of 
America, of 900 Market Street, Qty of Wil- 
mington, Zone 99, State of Delaware, United 
States of America, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which it is 
to be performed, to be particularly decribed 
in and by die following statement : — 

This invention relates to improvements in 
defoaming compositions and processes which 
are particularly useful for preventing or abat- 
ing foam in aqueous systems. The invention 
also includes a method of preparing the com- 
positions. 

Commercial silicone defoamers have proved 
very effective for preventing and/or abating 
foam in aqueous systems. Such defoamers, 
however, are relatively costly and hence add 
appreciably to the cost of the process and/or 
product in which they are used. 

According to the present invention, there is 
provided a defoaming composition comprising 
from 80 to 97 parts of a water-insoluble, 
hydrophobic, nonpolar, oiganic liquid having 
suspended therein from 20 to 3 parts of silica 
which has been treated to render the surface 
thereof hydrophobic, said surface being inert 
to the action of the other ingredients of the 
composition, and up to 5% of a spreading 
agent for the organic liquid based on the total 
weight of organic liquid, silica and spreadmg 
agent. Relatively small amounts of this com- 
position have been found to be highly effec- 
tive in suppressing or controlling foam forma- 
uon m aqueous systems. Th- compositions 
may be utilized as such or in the form of 
aqueous emulsions. 

By " spreading agent " is meant a substance 
having surface activity' which will act to 
spread the hydrophobic silica and organic 
liquid over the surface of a liquid to be de- 
foamed. 

Having describ ed the invention generally. 



the following examples are given to illustrate 
specific embodiments thereof. 

Example 1 
A defoamer was prepared as follows. A col- 
loidal, precipitated silica was sprayed with 
15 % by weight, based on the weight of silica, 
of a dimethyipolysiloxane oil, having a 
viscosity of 50 centistokes. The resulting mix- 
ture was heated to 275°C. for one hour. After 
cooling, 10 pans of the treated silica were 
added to 85 pans of a naphthenic mineral oil 
having a Saybolt viscosity of about 80 seconds. 
The resulting mixture was passed through a 
Mantin-Gaulin homogenizer at 300O p.s.i. 
pressure. To the resulting material 3 parts 
of commercial stearic acid and 2 parts of tri- 
ethanolamine were added, and the mixture 
warmed to 6(y>C. to dissolve the stearic acid. 

Example 2 

The procedure of Example 1 was followed 
except that the silica was treated by exposing 
It to the vapours of dichlorodimethyl silane 
for one hour, with agitation, instead of usmg 
the dimethyipolysiloxane oil. 

Example 3 

The procedure of Example 1 was followed 
except that the silica used was obtained by 
displacing the water from a silica hydrogel by 
addmg a low-boiling, vrater-misdble organic 
hquid, heatmg in an autoclave above the criti- 
cal temperature of die Hquid and then venting 
the autoclave. 

Example 4 

The procedure of Example 1 was followed, 
except that the silica was obtained by recover- 
ing the smoke produced by the bumine of 
sihcon tetrachloride. 

Example 5 

The procedure of Example 1 was foUov^d 
except that a paraffinic oil (commonly known 
as a " white oil '0 having a Saybolt viscosity of 
85 seconds was used in place of die naphthenic 

Defoamer efficiencies of the defoamers of 
Examples 1—5 were tested as follows. One 
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10 



hundred and fifty (150) ml. of fresh concen- 
trated black liquor obtained from a pulp mill 
were shaken vigorously at 90=^C. in a 500 ml. 
flask having an interal diameter of 4.5 an. 
The foam level at the end of the shaking 
period was 3 inches. Two hundred parts per 
million of defoamer was then added and the 
mixture again shaken for one minute. The 
foam level at the end of this shakmg period 
in all cases was from about 0 to about 0^ 



inches. This may be expressed as a defoam- 
ing efficiency of 0 — 02 inches. 

EXAxV.PLES 6 — 16 
Following the procedure of Example 1, a 
number of defoamers were prepared utilizing 
various spreading agents and various oils. 
These were tested for defoamer efficiency in 
the manner described above. The data is set 
forth in the following table. 
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Example 
No. 


Spreading Agent 


Table 
Oil 


Silica 


Defoaming 
Efficiency 
Inches 


6 


3% Sorbitan Trioleate 


85% Naphthenic 
Mineral Oil 


12% 


SiUca 


0.2 


7 


3% Sorbitan Mono- 
stearate 


85% Naphthenic 
Mineral Oil 


12% 


SiUca 


0.2 


a 
a 


"^^A. Polvoxvethvlene 
Sorbitan Tristearate 


85% Naphthenic 
xMineral Oil 


12% 


Silica 


1.0 


9 


5% Sodium Stearate 


85% Naphthenic 
Mineral Oil 


10?; 


SiHca 


0—0.2 


10 


5% Triethanolamine 
Stearate 


85% Naphthenic 
Mineral Oil 


10% 


SiHca 


0—0.2 


11 


3% Morpholinium 
Ethosulfate 


85% Naphthenic 
Mhieral Oil 


12% 


SiUca 


0.5 


12 


5% Triethanolamine 
Stearate 


85% Naphthenic 
Mineral Oil 


10% 


Silica 


0—0.2 


13 


5% Triethanolamine 
Stearate 


85% Paraffinic 
Mmeral Oil 


lO^o 


Silica 


0—0.2 


14 


5% Triedianolamine 
Stearate 


85% Chlorinated 
Naphthenic 
Mineral Oil 


10% 


Silica 


0—0.2 


15 


5% Triethanolamine 
Stearate 


85% Chlorinated 
Faraflinic 
Mineral Oil 


10% 


Silica 


0—0.2 


16 


5% Triethanolamine 
Stearate 


85% Liquid 
Trifluoro Vinyl 
Chloride Polymer 


10% 


SiUca 


0—0.2 
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amounts 



Example 17 

Three emulsions were prepared utilizing tbe followin- i 



ig mgrcdients in the indicated 
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xunuision jfi 


Emulsion #2 


Emulsion #3 


*Defoamer 


36.26 


36.26 


36.26 


Polyvinyl Alcohol 


0.46 






Gelatin 












0.91 




Methyl Cellulose 


0,91 


0.46 


1.37 


Sorbitan Tristearate 


1.82 


1.82 


1.82 


Water 


60 


60 


60 



Defoamer prepared foUowing the procedure of Example I. 



In the preparation of these emulsions the 
polyvmyl akohol and metihyl ceUulose (Emul- 
#1), the gelatin and metiiyl cellulose 
O^ukion #2) and the methyl cellulose 
(tmulsion #3) were dissolved in water. The 
sorbitan tnstearate was dissolved in the de- 
foamer by heating to 5(PC and was then 
cooled to room temperature. The oil phase 
was added to die water phase and stirred 
with a Lightnmg Mixer. This blend was then 
passed throu^a Mantin-Gaulin Homogenizer 
at 300 p.s.i. These emulsions were tested for 
defoanung efficiencies in the manner described 
above utdizmg 600 p.p.m. of emulsion. In 
au cases defoanung efficiencies were in the 
range 0.2 — 0.5 inch. 

. Example 18 

Colloidal amorphous silica prepared by pre- 
cipitaaon from sodium silicate solution and 
S^J/ f'^^Jf^^fss than 1 micron was 
exposed to mediyl chlnrosilane vapors until 
reacaon at the surface of the silica was com- 
plete. Fifteen parts of the thus treated sflica 
was baU-miUed into 85 parts of a napkhenic 
T^^'^J^i Oil 560) until com^tdy 
dUspacsed. Then 3.2 parts of single-p^ed 
aeanc acid (HYFAC 410) was dhsol^ed in 
the mmuns at 60°C. foUowmg which 19 
parts of tnetiianolamine was added and stirred 
aao the mixture. 

The composition prepared as above des- 
mbed was evaluated as a defoamer in com- 
parison witih a well-known commercial silicone 
d^oamer This evaluation was carried out as 
SS^'/k? milliUters of con- 

cmtmed black hquor (filtrate water from 
the first washer of an alkaline pulpinr system") 
was heated to 90°C. Two huSdi^ |aS '^r 
miUion of each of the commercial silicSie 
defoamer and die defoamer prepared as above 
descnbed was added to the above liquid in 



separate ^aduates. Each was shaken vigorously 
^J^°a<°^ 10 second?, 30 secondfand 1 
nunute. 0.5 on. of foam developed in the 
Uqmd conummg d» commercial silicone de- 
foainer, terras no foam developed in the 
hquid contaimng the defoamer prepared in 
accordance widi the invention. 

BCAMPLE 19 

Futeen pans of coUoidal siUca prepared by 
precipitation from sodium silicate solution and 
havmg a parade size less than 1 micron was 
Jspereed m 85 parts of naphthenic mineral 
Ml. To this was added 10.6 parts of a poly- 
K ^M*""?^ ^"^^ containing some unhydro- 
SmM? and die miituie 

b^-milled unul thoroughly dispersed. Then 
3 2 parte of stearic acid (HYFAC 410) was 
dissolved m the above miWe at 60°C. fol- 
idT/r*"? 1-5.P«"5 triedunolamine ^vere 
» 1 ™x™re. The composition was 
E^m^?"^'^ f a defoamer as set fcrth in 
Example 5 and die results obtained were 
eqmvalent to die results obtained for Examples 

tin?^,-i°ir"^^^ ^'^ i^iven- 

S^l^^V"^"" "^'^ composi- 
S J? ^- ^^^^^ from a variety of 
relatively mexpmsiv«!, water-insoluble, h/dro- 
f{^^ monopolar, organic Uquids. Organic 
?e fio^ low Lface tension, 

^'nlS l^'^'^f'/^'"- preferred ExI 
empla^- of the nonpolar organic liquids which 
•m^ be used herein are mineral hydro- 
raAons such as naphdienic mineral oils, 
Pf^*" T""^^^ and simUa^ 

?rJf ^'^^'^ ^clndi^s food-grade min- 

era! oil, fluormated hydrocarbons such as 
Hooker Chem. Co. « Fluorolube », a liquStrf! 
fluoro vmyl chloride polymer, as well « chlor- 
^.^1°,''^"'''. compounds such as the chloro- 
napnthalenes, i.e., monochloronaphthalene. 
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The hydrophobic silica contemplated for use 
herein may be prepared from any of the well- 
tao^vn foriis of silica such as (1) silica aerogel, 
a colloidal silica which may be prepared by 

5 displacing the water from a sihca hydrogel 
bv a low-boiling, water-misdble, organic 
Uquid, heating in an autoclave or the li^e 
above the critical temperature of the hquid, 
and Then venting the autoclave, (2) so-caUed 

10 fume silica, a colloidal silica obtained by burn- 
ino^ silicon tetrachloride and collecung uie re- 
sisting siUca smoke and (3) a preapiiated sihca 
prepaid by the " destabUizauon of a water- 
soliSjle silica under conditions which do not 

15 permit the formation of a gel structure, but 
rather cause the flocculation of sdica particles 
into coherent aggregates such as by the addi- 
tion of sodium ions to a sodium silicate 

solution." , J c 

20 A variety of methods may be employed for 
treating the normaUy hydrophilic sihca to 
render it hydrophobic. One method which 
has proved very satisfactory involves spraying 
the silica with silicone oil, i.e., dimethylpoly- 
25 siloxane, and heating at elevated temperature, 
i.e., from 250°C. to 350^C., for i to 2 hours. 
The amount of silicone oil utihzed may vary 
from 5% to 100?^ by weight based on the 
weight of the silica. However, amounts from 
30 7% to 25?^; will usuaUy be satisfactory and 
are preferred. 

The finely divided silica may also be ren- 
dered hydrophobic bv treatment with vapors of 
an organo-siHcon halide or mixture of organo- 
35 sUicon halides. Examples of organo-silicon 
halides suitable for this purpose are given in 
U.S. 2,306,222 and U.S. 2,412,470 and in- 
clude alkyl fmetiiyl), aryl (phenyl), alJ<aryl 
ftoyly) and aralkyl (phenyl methyl) sdicon 
40 halides. The treatment may be earned out by 
agitating the finely divided material m a closed 
container in the presence of vapours of the 
treating material, i.e., dimethyl dichlorosilane 
The amount of treating material and die length 
45 of treatment will depend upon the surface 
area of the inorganic material and the nature 
of the organo-silicon haiide employed. In 
oenersl, it will be satisfactory to use from 5% 
to 15% by weight of treating agent based on 
50 die weight of silica and a time of treatment 
from -i- to 2 hours. , . ^ 

Stiii anotiier method of rendering the sihca 
hydrophobic is bv dispersing it m silicone oil, 
i e , in a concentration from 2— 10*^. and heat- 
55 'mi die dispersion to 250— 300^C for about 
an hour more or less. The hydrophobic sihca 
may then be extracted by centrifugmg tiie 
mixture after dilution with hexane or a similar 
t^e of solvent and drying die resulpng solid. 
60 O ther mediods of rendering die silica hydro- 
phobic include treating the sihca widi an 
alcohol, eg. butanol, under high temperature 
and pressure, and coating silica with a polymer, 
for example, by coating the silica particles with 
65 a polymerization initiator, and contactmg the 



coated particles with die gaseous monomer 
to produce a coating of the poljmer on the 

silica particles. ... ^ . . i 

The hydrophobic silica utihzed in die novel 
compositions of die invention wiU desirably /u 
have an average particle size less than 10 
microns and preferably less than 5 niicrons. 
Most preferred is an average particle size 
from 0.02 micron to 1 micron. ^ 

The spreading agent is necessary in tne 75 
defoaming compositions of the invention to 
aUow the water-insoluble, nonpolar, organic 
liquid to spread adequately at die air-hquid 
interface to cover die whole of tiie surface 
of the liquid being defoamed. Anionic, cau- 80 
onic or non-ionic spreading agents, which wiU 
function in dus way, are suitable for use here- 
in. The particular type of spreading agent to 
be utilized is determined to some eactent by 
die type of system in which it is used In 85 
general, the anionics appear to give die best 
defoaming efficiencies and are preferred. Ex- 
amples of suitable anionic spreading agents are 
fatty acids containing from 12 to 22 carbon 
atoms such as stearic and soaps of these fany 90 
acids such as the alkali metal, alkali earth 
metal, aluminum, ammonium and amine soaps, 
i.e., iriethanolamine stearate, as well as rosm 
soaps. The soaps may be added as such or 
formed in situ. Examples of other suitable 95 
anionic spreading agents are alkah metal salts 
of alkyl-aryl sulfonic acids, sodium dialkyl 
sulfo-succinate, sulfated or sulfonated oils, e.g., 
sulfated caster oil, sulfonated tallow, and alkah 
metal salts of short chain petroleum sulfonic 100 

acids, . . 

Examples of suitable cationic spreadmg 
agents are salts of long chain (i.e., from 8 to 
35 carbon atoms) primary, secondary, or ter- 
tiary amines, such as oleylamine acetate, cetyl- 105 
amine acetate, di-dodecylamine laaate, the 
acetate of aminoethyl-aminoethyl stearamide, 
dilauroyl triethylene tetramine diacetate, 1- 
aminoethyl-2-heptadecenyl imidazoline ablate; 
and quaternary salts, such as morpholinium 110 
eihyl sulfate, cctylpyridiniimi bromide, hexa- 
decyl ethyl morpholinium chloride, and di- 
ethyl didodecy ammonium chloride. 

Examples of suitable nonionic spreading 
agents are condensation products of higher 115 
fatty alcohols i.e., alcohols containing from 8 
to 35 carbon atoms) with ethylene oxide, such 
as the reaction product of oleyl alcohol with 
10 ediylene oxide units; condensation products 
of alkylphenols with ediylene oxide, such as 120 
the reaction product of isooctjiphenol with 12 
ethylene oxide units; condensation products of 
hi^'her fatty acid amides with 5, or more, 
ethylene oxide units; polyethylene glycol esters 
of long chain fatty acids, such as tetraediylene 125 
^ycol monopalmitaie, hexaethyleneglycol 
monolaurate, nonaethvleneglycol monostcarate, 
nonaediyleneglycol diolcate, tridecaediylene- 
glycol monoarachidate, tricosaediylene glycol 
monobehenate, iricosaetiiyleneglycol dibehen- l:JU 
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^'u^h^-'^'^^.°''''^^ condensation produas of 
SS'tnd higher fa^^acid 

^h^' T "^u". anhydrides (mainitol- 

anhydride, called iVlannitan, and sorWt™ - 

"""''^ ^"''"^>> as iycerel 

monopalmirate reacted with 10 mole(iles of 

SS^Jrlt PT"r^^°' monooSSre 
acted with 12 molecuies of ediylene oxide 
sorbitan monostearate reacted widi 10 to 15 

SSn* '^f'^?* 15 molecules of 

^^SrS'' P?>lyglycols in which 

t^r ^°:^^ f^'^P esterified with a higher 
15 J^-^f '^•^ ^ydroxyl group S 

15 edienfied with a low molecular alcohol. 

ff! ^ meaning the average molecular 
weight of the polyglycol ether). A'^combSn 
2ft hi "^'^ spreading agents may 

20 be used; e.g., a cationic mTy be bknded wS a 
nomomc; or an anionic with a n«»nionic 

n^ri^! P^°P°"[°"^'*^ ingredients in the com- 
positions of the invention may be varied 
25 ^ general, defoaming effidencies a^ 

t^d. j^^^^" increasing proportions Vf 
L £ 2^^' proporton of sohds 
difficulties are encoun- 
ered. Therefore, m order to retain fluidity of 

30 ^ PJ!^"*^ ease in handling dSng 

preferably 1S% by weight of 
^^V^f^a^-T }V' ^^'^^'^ as little 

Sleast 10% " t«> a« 

proponion of water-insoluble hydro- 

9^t t.^m^^^Vl^'^'' ^'1'^'^ vary from 
97 /o to 80% of the composition. The prefer- 
red range IS from 85 %. to 90% . ^ 

40 deSfd ^^T^ spreading agent used wiU 
, ° particular composition and the 

S^. ' ^^'S^^ ^'ased on the wdght 

of die composition, or even less, may be ujid. 

4-5 ST^'^/ ^^r."^' it vdll be desirable to u^ 
fo/ » 1? 6 "J"^"^ more than 

tin? fi'^^^'''^? .^^conqiositions of the inven- 
non, finely , divided silica is first treated to 

^ lu^- 1"""!^^^ hydrophobic. The tinted 
sdica IS tihen dispersed in the water-insolubS 
^phobic, nonpolar, organic liquid. t£ 
^dmg agent may be added at a^y conven- 

55 Xi^J'JL°VZ'- '^'^^> dispersion 

li&K'*''' ""''^ dispersed in the 

hqmd by means of usual dispersing equipment 
such as coUoid mills, or homogenSeiT AbaU 
6(1 ^^l ^ desifedT^ pttide 

''?'""'^°>^y'*^"«^tothedS 

phobic. This may be accomplished quite effect- 
ively by an air mill. Following tb's the Ska 
•nay then be treated to render it h^pSS 
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and dispersed in die liquid in any suitable" fiS 
manner as by a homogenizer ^ *^ 

utili2ed as such by merely adding a small 
amount, i.e. from 0.003 % to 1% aid p/rfer- 
ably from 0003% to 0.5% to the aSis 70 
system in whidi control of foamiu^ I dS^d 
^temanvely, these compositions 4? tt^t 
verted to aqueous emulsions by adding wTter 
and usually an emulsifying aV^rand X„ 
vigorously agitating, Lualfy iy p^^^^ 75 
through a colloid mill, or hoLoS?e? 

emulsiS Tg«t 
added dependmg on the amSunt of 

S'sifS^^SnT ?u^>f ^^^^ 
**««o«ymg agent such as a mixture of an 

equal weight per cem of sorbitan mSL^te 

Ae emSir^'*'^^""*^ monosteS! 
i7.^l "^"^^^ employed in Example 
17 and so on, may be utilized for the purobse 

anditBconcdvablethattheemulsStying^St 85 
Snr fe^"^,^'^'^1?f^'*"S«^tflre^dy 

hH^H i" JL '^-^'i ^° °f *e emulsifier 
based on the oU phase will usuaUy suffice The 
^oum of water utilized in the preparation rf 

Si^nt'of^eSa^ °° '"^'^^'^ ^'''"^ 
The defoamer compositions of the nresent 
mvenuon are highly advantageous beca^iS of 

' ^'^ m some cases, surpass those 
of very expensive prior art defoamefs costing 
many times as much. Moreover, the defoS 
compositu,ns of the invention retS S 
efficienaes m a given system much WrS 
"""^^^ commerdal defoamers ^ 
WHAT WE CLAIM IS- — 

from sn .^QT^^'^S composition comprising 
hx)m 80 to 97 parts of a water-insoluble, Ldr^ 
P^'^' no^P^lar, organic liquid haW sSL 
pended dierein frt«n 20 to 3 paSTf^^^ 
i^ich has been treated to rendw^e suS 
thereof hydrophobic, said surface bebg £^ 

w«ght of organic liquid, silica and spreadt^ 

adm^l''t°^^l^J°P°'^^"°'^ as daimed in 
v-iaim 1, in which the composition is in th* 

fonn of an aqueous emulsion. "5 

defoaming composition as claimed in 

1 or 2, compnsmg from 85 to 90 parts 

bj^^^^tiie total compnsiSoirSiUd: 
anv ."^"^^Position as daimed in 

5. A defoaming composition as daimed in 




954,209 



Qaim 4 in which ihe petroleum hydrocarbon 
U naphtfaenic oU, a paraffimc oil or kerosene^ 

6 A defoaming composidon as claimed m 
Cuim 4, in which the fluorinated hydrocarbon 

5 is a Uquld trifluorovinyl chloride polymer. 

7 A defoaming composmoa as daimed m 
any piecedmg cl5m, in which the spreadmg 
a^nt is an anionic, a catiomc or anon-iomc 

10 "^^A^lSing composition as claimed in 
Caaim 7, in which the anionic spreading a^t 
is a fatty add containing from 12 to 22 carbon 
at^, a soap of sudi a fatty acid, or an alkaU 
metal salt of an alkyl-aryl sulphonic aad. 

i<; 9 A defoaming composiubn as claimed la 
Oaim 7, in whidi the catiomc spreading agent 

is a salt of a long diain (i.e., from 8 to 35 
carbon atoms) primary, secondary or ternary 
amine or a quaternary ammwiium salt 
20 10. A defoaming composition as daimed m 
C3aim 7, in whidi the non-iomc spreading 
is a condensation p roduct of a higher 



fatty alcohol (i.e., conta:mng from 8 to 35 
carbon atoms) with ethylene oxide. ^ 
11. A defoaming composiuon, substantially 25 
as described in any one of the foregpmg 

^12!^A%rocess for the preparation of a de- 
foaming composition daimed in any P«ce<lmg 
daim. which process comprises.^spersmg die 30 

hydrophobic coUoidal sUica 

insoluble, hydrophobic, nonpolar, orgamc 

liauid containing the spreadmg agent. 

13. A process for the preparation of a de- 
foaming imposition substanually as described » 
in any one of the foregoing Example. 

14 A method of controlhng foammg m 
an aqueous system, in which an 
composition daimed in any one of Qaims 1 
to 11 is added to Ae aqueous ^ttm. « 
HASELTINE, LAKE & CO.. 
28, Southampton Buildmgs, 

London, W.C2. 
Agents for the Applicants. 
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